1) Drift measurements
Figure S1: DRIFT measurements at room temperature under ambient conditions show that for all four powders a certain amount of water molecules (3000-3500 1/cm) is physisorbed to the particle surface. However, this amount is much higher for the hydrophilic particles compared to their hydrophobic counterparts.
2) TiO 2 Force curves Figure S2 : AFM force curves for TiO 2 -philic (A+C+E) and TiO 2 -phobic (B+D+F) nanoparticle agglomerates. The last peak is related to the detachment of two individual nanoparticles. The difference in the shape of the force curves reveal complex unfolding scenarios including rolling, sliding, and breaking of nanoparticles/aggregates when retracting the tip. However, the lower forces for TiO 2 -phobic in the last peak are apparent.
3) Al 2 O 3 Force curves Figure S3 : AFM force curves for Al 2 O 3 -philic (A+C+E) and Al 2 O 3 -phobic (B+D+F) nanoparticle agglomerates. The last peak is related to the detachment of two individual nanoparticles. The difference in the shape especially between the hydrophilic and hydrophobic nanoparticles again reveal complex unfolding scenarios when retracting the tip. Nevertheless, the lower forces for Al 2 O 3 -phobic in the last peak are apparent.
4) Detailed description of the contact force measurements
Nanoparticle agglomerates on the double sided tape were selected by a top view camera mounted on the AFM. During approach the tip pushes nanoparticles in the agglomerate away which rearrange within the agglomerate to give room for the AFMtip. The rearrangement of the nanoparticles can be observed by the peaks in the approach curve after the jump to contact ( Figure S4 A + C). During this penetration nanoparticles adhere to the tip based on physical contact forces. When the applied force is decreased, the tip retracts out of the agglomerate. The nanoparticles adhered to the AFM-tip bridge the agglomerate with the tip. Thereby nanoparticles again rearrange by rolling, sliding, and breaking. This is can be observed by the peaks in the retraction curve ( Figure S4 A + D) . During this rearrangements the nanoparticles form a chain where nanoparticles are aligned next to each other. Further tensile stress breaks this chain at the weakest point and disconnects the nanoparticles adhered to the tip to the agglomerate ( Figure S4 E) . This breakage can be measured by the last peak in the retraction part of the force curve (F C ). In most of the cases this breakage occur at a particle-particle contact. However, it cannot be excluded that sometimes more than two particles are included in this breaking event. Therefore, collecting hundreds of these force curves is a very reliable method to measure contact forces between two individual nanoparticles statistically [1] [2] [3] . Figure S4 : A) Schematic depiction of the force curve during penetration of a nanoparticle agglomerate and B) the assumed description of the contact forces between two individual nanoparticles. C-E) Schematic behavior of nanoparticles in an agglomerate during the AFM force measurement. 
5) Calculations for the mathematical model

